Environmental bacteria grown on TCBS agar plates (TCBS strains) were investigated for the presence of Vibrio cholerae in aquatic environments. TCBS strain counts were 0.01 0.001 times the total viable counts in pairs of the same samples. The TCBS strains were of two types which required NaCI (salt strain) and did not require NaCI (non-salt strain) to grow in peptone water. Non-salt strains made up 85.3-92.1% of TCBS strains isolated from river water. TCBS strains isolated from an estuary contained 40.9% of non-salt strains and 57.4% of salt strains. Salt strains made up 69.2 -86.8% of TCBS strains isolated from seawater. The percentages of Vibrio species in TCBS strains were 11.9-47.9%. V. alginolyticus and V. parahaemolyticus were isolated from seawater. V. vulnificus was only isolated from estuary water. V. cholerae non-.1 was isolated from both river water and estuary water which had low salinity. V. fluvialis was isolated from all three aquatic environments. This investigation suggests that Vibrio species were present in each sample station and that V. cholerae existed in river water.
Introduction
Vibrio species exist in aquatic environments such as rivers, ponds, wells and the sea. ~qbrio species include pathogenic vibrios *). V. cbolerae, V. parahaemolyticus and other vibrios were isolated from estuary and seawater in a bay, and there was a suggestion that pathogenic vibrios were autochthonous bacteria 2~. Infectious diseases due to pathogenic vibrios have occurred from polluted seafood and polluted seawater in a bay and along a coast 3. 47. Therefore, it is necessary to clarify the ecology of pathogenic bacteria in nature to prevent infectious diseases from the natural environment.
V. cholerae grow in peptone water without NaCI, therefore the organism does not require NaCI for growth in peptone water.
V. parahaemolyticus is a halophilic bacteria and can not grow in peptone water without NaCI; the organism grows in peptone water with 3% NaC1. Vibrio species members have different NaCI requirements and require, or tolerate, various concentrations of NaCI in peptone water to grow. Therefore, Vibrio species can be isolated from river water, estuary water and seawater with thiosulfate citrate bile salts agar ( TCBS agar 
Materials and Methods

Sampling sites
Water samples were collected from the stations shown in Fig.  1 . The river surface water samples were collected from the midstream of Sagami River (Showa-hashi, station 1), the estuary of the river (Banyu-hashi, station 2) and from the midstream of Sakai River (Negishi-hashi, station 3). The Sagami River flows through the center of Kanagawa Prefecture and its water is supplied as drinking water. The Sakai River is polluted by sewage drains. Stations 1 and 3 differed in their water quality. Water samples were collected with a 500 ml sterile Heyroht water sampler (Shibata scientific technology Ltd.) and the same sampler was used several times for one collection. The period of river water sampling was from June to October, 1991 and samples were collected about once a month. Seawater samples were taken from the surface (0 m depth) from five stations of Tokyo Bay and two stations of Sagami Bay in sterile glass bottles. These sampling stations were located in various parts of Tokyo Bay calculated per 100 ml sample volume. Twenty to 30 colonies on the TCBS agar plates were randomly picked and these were pure cultured on a TCBS agar and Vibrio agar medium (VAM: peptone 10g, 'Lab-Lemco' powder:oxoid 3g, yeast extract: Difco 3g, NaCl 5g, agar 15g, double distilled water 1000 ml, pH 7.5). These strains were stored in VAM, and later, identified.
Identification of TCBS strains
TCBS strains isolated from seawater were pure cultured, stored and identified by a medium to which was added artificial sea salt (NaC1 30g, KCI 3g, MgCh 9 7H20 3g, CaCh 9 2H20 lg, per 1000ml), except for the TCBS agar. Stored TCBS strains were precultured with VAM at 36~ overnight. These strains were identified at the genus level by the following tests: gram reaction, morphology, spore, catalase, oxidase, oxidationfermentation test, gas from glucose, nitrate reduction, motility, indole, H2S production and growth in peptone water with 0, 3, 7, 10% NaCl 7). Additional tests used to identify Vibrionaceae were as follows; Voges-Proskauer test, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase in Moeller's medium, gelatinase, O/129 sensitivity, acid from sucrose, mannitol, inositol, arabinose, and d-tartaric acid utilization ~) collected between August 30 and September 2, 1993.
Collection of samples
As soon as river water was collected, various volumes (5, 10, 20, 200 ml) were filtrated with a membrane filter (Millipore filter HA: pore size 0.45/~m, 47 mm diameter). The membrane filters were placed onto alkaline peptone water (APW; peptone: Daigo 10g, NaCl 5g, double distilled water 1000 ml, pH 8.6) plates (APW plus agar 15g per 1000 ml) and kept at air temperature for about 2 h while being transported to the laboratory. This was done because stressed cells, due to unfavorable conditions, if any, can be resuscitated by this procedure 5~. The membrane filters were transferred from APW plates to TCBS agar plates in the laboratory 5~. The river water samples in full 2 liter bottles to test water quality and count bacteria in the aquatic environment were transported to the laboratory and cooled with ice after collection.
The seawater samples were filtrated with a membrane filter (nuclepore filter, GE Co., pore size 0.40 l~m) on a vessel immediately after collection. A polycarbonate filter was used because it is routinely used and polycarbonate filters are better than cellulose filters for counting bacteria c,~. The filters were placed onto APW plates for lh, and then transferred to TCBS agar (Eiken) plates. These membrane filters were held at 20 ~ for 1 -3 days on the vessel and transported to the laboratory at air temperature. It was assumed that the number of Vibrio species isolated from river water and seawater was not influenced by either filters, because the Vibrio species are large enough to be held by both filters.
Organism counts in aquatic environments
Total viable counts (TVC) in aquatic environments were made by a plate colony count method with standard method agar (SMA; Nissui). The river water samples were diluted with 0.85% NaC1 solution, and spread on SMA plates. These media were incubated at 36 ~ for 24 h. The estuary samples were spread on SMA and on SMA with artificial sea salt (SMA-s). The TVC in the estuary samples was made with either colonies on SMA or SMA-s. The TVC in the seawater samples was made on SMA-s. The seawater samples were spread on the medium in the vessel. The medium was then stored at 20 ~C for 1 -3 days, transferred to air temperature, and then incubated at 36~ for 12 h in the laboratory.
Water quality examination methods
Air temperature was measured with a mercury thermometer. Water temperature was measured with a Pettenkoffer's waterthermometer, pH was measured by colorimetry. The amount of ammonia nitrogen (NH4 +) was measured using the Nessler method and phosphate ions (PO43-) were measured using an anmonium molybdate method. The chlorine anion (CI) was measured using the selective electrode method and electrical conductivity (EC) was measured with an electrical conductivity meter. The salinity concentrations were measured using a refractometer (ATAGO ; S/Mill) with a scale of 1 ~,.. The water quality of bay water was measured for only salinity with a refractometer.
Results
Organisms grown on TCBS agar plate (TCBS strains)
The membrane filters on APW plates were transferred to TCBS agar plates and incubated at 30 ~C for 24-48 h in the laboratory in the case of river water. However, the membrane filters on the TCBS agar plates were kept at 20 ~ for 48 h in the laboratory in the case of seawater until colonies on the TCBS agar plates were observable. TCBS strain counts were made using a plate colony count method on the TCBS agar plates and 1.Water quality Table 1 shows the water quality of the 3 river stations. Fluctuations in various environmental parameters at station 1 were compared to other stations. The water quality at station 3 underwent a change due to a dirty drain flow. At station 2, salinity underwent a change with the change of volume of seawater and fresh water. Salinity was converted from a concentration of C1 and the salinity at station 1 was 0.005
